Influence of various hemodialysis membranes on the plasma (HD) treatment have also been immunocompromised. These patients frequently experience opportunistic inBackground. Recently, invasive fungal infections have in-
These patients frequently experience opportunistic in- Plasma (1→3)-␤-D-glucan levels measured before and after HD using CTA membrane are shown in Figure 1A . They were same between before (median 7.9 pg/mL, range 1 to 27.2 pg/mL) and after (median 9 pg/mL, range 1 to 29.5 pg/mL) HD. In contrast, the plasma (1→3)-␤-patients were shown in Table 1 . There were 17 males and 10 females with a median age of 66 years (range 36 D-glucan level obviously increased from 9.4 pg/mL (range 1.2 to 39.1 pg/mL) to 332 pg/mL (range 108.2 to 2200 to 90). The underlying diseases were chronic glomerulonephritis (N ϭ 8), diabetic nephropathy (12), nephrosclepg/mL) in median after HD using Cu membrane (Fig.  1B) . The median interval between the second and the rosis (6), and lupus nephritis (1). The serum levels of blood urea nitrogen and creatinine were 86.12 Ϯ 17.10 third HD was 45 hours (range 14 to 93 hours). The median plasma (1→3)-␤-D-glucan level before the third and 8.02 Ϯ 1.76 mg/dL, respectively. The creatinine clearance was 5.6 Ϯ 13.54 mL/min. The serum concentrations HD decreased to 43 pg/mL (range 4.3 to 413.9 pg/mL). Although its level was various before the third HD, the of albumin and total bilirubin were almost within a normal range, although two patients had been diagnosed plasma (1→3)-␤-D-glucan concentration did not change significantly after HD using PMMA membrane (Fig. 1C) . with liver cirrhosis. Three different kinds of HD membranes-cellulose triacetate (CTA) membrane, cellulose
We measured the (1→3)-␤-D-glucan concentration of all anticoagulant solutions, dialysate, and filling liquids (Cu) membrane, and polymethyl methacrylate (PMMA) membrane-were used in three consecutive HD sesin wet type dialyzers used in this study. The (1→3)-␤-Dglucan concentration of the filling liquid in Cu membrane sions. The plasma (1→3)-␤-D-glucan level was measured at the beginning (before) and the end (after) of each was 305,200 pg/mL, whereas the levels were below 1.0 pg/mL in all other solutions. These data supported HD session. Arteriovenous fistula was used as a blood access for each HD. HD was continued for three hours that only Cu membrane was responsible for the increase in plasma (1→3)-␤-D-glucan concentration. in each procedure. The blood flow was 120 mL/min when using the CTA membrane and 150 mL/min when using the Cu or PMMA membrane. Although different anticoHalf-life of plasma (1→3)-␤-D-glucan agulants, such as heparin sodium, dalteparin sodium, or nafamostat mesilate, were used, the anticoagulant was To evaluate the influence of renal or hepatic function not changed in the three consecutive HD in each patient.
on
the elimination of plasma (1→3)-␤-D-glucan, we estimated the plasma half-life of (1→3)-␤-D-glucan by hypothesizing that the (1→3)-␤-D-glucan level declines exponenPlasma (1→3)-␤-D-glucan assay
tially. The median half-life of plasma (1→3)-␤-D-glucan Plasma levels of (1→3)-␤-D-glucan were measured was 20 hours (range 3.1 to 181.3 hours; Table 2 ). The using the Fungi-Tec G test (Seikagaku Kogyo Corpora- relationships between the plasma half-life of (1→3)-␤-tion, Tokyo, Japan) [1, 7] according to manufacturer's D-glucan and serum creatinine concentration, creatinine instructions. Plasma samples (100 L) were treated with clearance, daily amount of proteinuria, daily urine vol-200 L of 0.32 mol/L perchloric acid (PCA) at 37ЊC ume, prothrombin activity, or serum albumin concentrafor 20 minutes to precipitate plasma components that tion were analyzed. As shown in Figure 2 , no relationship interfere with the test. The supernatant (100 L) was was observed between the plasma half-life of (1→3)-␤-then added to 100 L of G test reagent dissolved in 0.2 D-glucan and those factors. These findings suggest that mol/L Tris-HCl buffer (pH 8.0). The mixture was incuhepatic and renal function have no effect on the halflife of plasma (1→3)-␤-D-glucan. bated at 37ЊC for 30 minutes. The reaction was stopped 
DISCUSSION
conditions, including blood access, blood flow, or HD duration, were arranged identically. These interventions The determination of the plasma (1→3)-␤-D-glucan made it possible to evaluate the unbiased effect of each level is a highly sensitive and specific test for invasive membrane on the plasma (1→3)-␤-D-glucan level. In deep mycosis. Obayashi et al reported that its sensitivity addition, to our knowledge there have been no human and specificity for deep mycosis were 90 and 100%, redata collected on the elimination of (1→3)-␤-D-glucan spectively [1] . However, subsequent studies showed that from plasma. Therefore, we estimated the plasma halfthe sensitivity and specificity were 27 to 86.5% and 75 life of (1→3)-␤-D-glucan. This is important because withto 93.8%, respectively [1, [7] [8] [9] . In spite of the good speciout knowing its half-life, it may be difficult to determine ficity results in these reports, in the clinical situation whether a patient still has an active fungal infection when there has been a potential interference in this system. the plasma (1→3)-␤-D-glucan level is persistently high, False-positive reactions have been reported in patients especially with hepatic or renal dysfunction. receiving human immunoglobulin products, which conWe showed the results demonstrating that the plasma tain factor G-reactive materials [3, 10] , drugs containing (1→3)-␤-D-glucan level was not affected by HD using (1→3)-␤-D-glucan, for example, lentinan, crestin, sceer-CTA or PMMA membranes but was extremely increased oglucan, schizophyllan, and sulfa drugs [5] , and gaze after HD using a Cu membrane. It was suggested that glucan for surgeries [4] . In addition, Limulus amebocyte the main mechanism of these observation was the conlysate (LAL)-reactive material from the cupro-ammotamination of the (1→3)-␤-D-glucan in Cu membrane nium rayon membrane used in HD was considered to into blood during HD because the (1→3)-␤-D-glucan of cause false-positive results [11] . However, previous anecthe filling liquid in Cu membrane showed an extremely dotal studies on the effect of HD were not performed high level. Therefore, the plasma (1→3)-␤-D-glucan meain a well-designed manner. We prospectively enrolled only patients at the initiation of HD, so that the HD surements could be used as an aid to diagnose fungal
